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COMPLETE SPECIFICATION. 
Improvements in or relating to Gas-Turbine Engines. 



We, Rolls-Royce Limited, a British 
Company, of Nightingale Road, Derby, in 
the County of Derby; do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention comprises improvements 
in or relating to gas-turbine engines of the 
kind which comprises a turbine rotor and a 
coaxial driven member, such as a compres- 
sor rotor, or the reduction gear of a pro- 
peller or both, connected to the turbine rotor 
by a driving shaft. Such an engine will be 
designated ** a gas-turbine engine of the kind 
referred to 

The invention is more particularly, though 
not exclusively, applicable to propeller-driv- 
ing engines, or to " two-shaft " engines i.e. 
engines having a low-pressure compressor - 
and a high-pressure compressor in series 
flow supplying air to combustion equipment, 
the combustion products from which are 
passod to a high-pressure turbine and a low- 
driving turbine in flow series, the low-pres- 
sure turbine driving the low- pressor com- 
pressor through a first shaft and the high- 
pressure turbine driving the high-pressure 
compressor through a second shaft. 

It will be appreciated that, in the event 
of failure of the shaft driving the propeller 
or. in the case of a two-shaft engine, the 
shaft driving one of the compressors and 
propeller, the turbine from which the load 
has been removed, will accelerate rapidly 
and that, unless such acceleration is pre- 
vented, over-speeding and serious damage, 
such as b ursting of the turbine rotor, may 
40 occur: 

[Price As. 6d .] 



This invention ha s-'-f or' an .object' to prof '■ •; 
vide control means \which responds rapidly * • 
to shaft failure to prevent' such : over- speed- * 
ing. ; v' : ; ' • v P-". • 

According to the present' inS^ehti on; in : a 1 45 - 
gas-turbine engine of the kind referred to.' \ 
there is provided meahs !V cohnected with the r -« : 
rotor assembly of \ the engine, adjacent the 
ends of the driving shaft so as to rotate- *'\; 
therewith, said means including a part which-. 50 r 
is caused to be displaced axially by the relat • " 
tive rotation of the ends^f the driving 1 shaft - 
on failure thereof," a "^ressure-fiuid^l^&in- ^ - ■ 
ing member,.such 'as a rapstAe.:wtu^^-lr& :a> 5 
tured on such axial displacement- and ;pires-'-. 55:^ 
sure-responsive means operated by fall - of ? : ■■ 
pressure within the pressure-fluid contain- \ 
ing member and operative to cut-off or : re- : ; 
duce the fuel supply to the engine. j ;rrr; 

According to a feature of this invention^ ; : 60 
the means may comprise a rod or spindle - " : 
which extends through the driving shaft and 
has a driving, e.g. spliced, connection with 
the rotor assembly at one end and has at 
the other end of the rotor assembly a splined 65 
connection with a sleeve which in turn has 
a threaded connection with the rotor as- 
sembly, so that on failure of the drivi&g 
shaft the sleeve is rotated relative to the 
portion of the rotor assembly with which it 70 
has the threaded connection and is displaced 
axially of the rotor assembly. The pressure- 
fluid-containing capsule or like member is 
preferably supported in stationary struc- 
ture in axial alignment with the sleeve so 75 
that on such axial displacement the capsule 
or like member is struck and thereby frac- 
tured to permit the pressure fluid to escape. 

JUi_Qne„arrangement-of-this-invention-the 
pressure-responsive means is a bellows, de- 80 
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vice connected with the capsule or like mem- 
ber so as normally to be subjected to the 
same pressure as exists in the capsule or 
like member, and connected also to a shut- 
oIF cock in Lhe fuel system so that on frac- 
ture of the capsule or like member the bel- 
lows changes in length and causes the shut- 
off cock to close. The bellows may either 
operate directly on the shut-off cock or may 
operate a catch to release the shut-off cock 
for closure under the influence of a spring. 
The latter arrangement has the advantage 
that the catch can be released by a smaller 
change in length of the bellows than would 
normally be required for direct closing of 
the cock. 

In another arrangement of this invention, 
the pressure-responsive means, such as a 
bellows or flexible diaphragm, actuates a 
bleed valve for controlling the servo-pres- 
sure operating in a servo-mechanism which 
controls a fuel pump in the: engine fuel sys--.- 
tern, so that when the capsule or like mem- 
ber is_ fractured the bleed valve is operated . 
hi a, manner to cause rapid reduction of the , , 
,f del delivery of. the pump.| \ , j-. 

: The invention is illustrated in the accom- 
. r pany ing drawings in which : — 

Figure i ^shpws a gas-turbine engine pro- V 
yided, with, a failure control of this inven- 
tion; : '; ; r : . 

Figure 2 .shows a modification of Figure "; 
1; and . . * . .V ■ 
Figure 3 shows another modification. 
The engine ;sh6wn ; in Figure 1 is a " two- 
shaft " . gas-turbine engine, but it will be !, 
understood t£fat 'the invention may be em-, 
ployed with ; any form of gas turbine. . .. 
. The engine comprises a low-pressure com- ] 
pressor 10,. a v high-pressure compressor 11. 
combustion; Equipment 1 2, . a high-pressure 
turbine 13 and :a. low-pressure turbine 14 in '. 
flow series. The rotor 11a of the high -pres- 
sure compressor;: i 1 is driven through a hol- 
low shaft 15 by the high-pressure turbine 
rotor 13a. and the low-pressure turbine rotor 
14a drives the low-pressure compressor 
rotor JOa through a shaft 16 which is hol- 
low and extends coaxially within the shaft 
15. The low-pressure turbine shaft 16 also 
drives by means of a shaft 16a a high-speed 
pinion 17 of a reduction gear (not shown) 
for an airscrew driven by the engine. The 
exhaust gas from the turbine 14 flows into 
an exhaust unit 31. 

The combustion equipment 12 is fed with 
fuel to be burnt with air compressed in the 
compressors 10, 11. The fuel is drawn from 
a tank 18 by a pump 19 and is delivered 
by the pump to a supply control deivce 20 
from which the fuel flows through supply 
lines 21. 22 to fuel manifolds 23, 24 feed- 
ing"the~fuel~ejectors"25: 

In order to prevent undesirable over- 
«>5 speeding of the low-pressure turbine rotor 
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14a in the event that shaft 16 or shaft 16a 
fails in operation, there is provided means 
whereby the fuel supply to the injectors 25 
is cut-off on failure of either of the shafts. 

The illustrated means for this purpose 70 
comprises a rod or spindle 26 which extends 
co-axially through the low-pressure rotor 
assembly 16a, 10a, 16, 14a, and has at the 
high-speed pinion end of the assembly a 
splined connection 27 with the assembly 75 
and has at the turbine end of the assembly 
a splined connection 28 with a sleeve 29 
which is formed externally with a quick- 
thread 30 engaging a threaded bore in the 
turbine rotor 14a. In the event of failure of SO 
either the shaft 16 or shaft 16a, the turbine 
rotor 14a will tend to over-run the high- 
speed pinion 17 and the sleeve 29 by. reason . 
of the driving connection which is main-:;: 
tained between the sleeve 29 and the. high . 85 
speed pinion 17 by the splines, 28, rod 26- - :-. 
and splines 27. Thus \ due to the ' quick \. 
thread 30 the sleeve 29 will be :moved;* ax- " : • 
ially and the hand.? of? the -thread -30 • is 
selected , so that" the . sleeve is moved, rear- .00 
.wards towards the exhaust unit 3 Lro£;the 
engine. '.- ' ' ■•' ;•*'■':-• Y-.i '■-'* , v? r>u.*»: 
A capsule 32 is mounted within, the ;ex- - 
. hanst unit 31' in axial alignment ^witti thei.i 
sleeve 29. and, the .capsule; ,32 "is * connected : 95 
by a • tube" 33 to the interior of a bellows 
device 34 which forms;, part ; of a shut-off ■. > 
cock 35 connected in the fuel delivery pipes 
21, 22. , The capsule 32, tube? 33 and ,bel- 
lows 34 are filled with liquid under pressure, 100 
the liquid " preferably being, of J low coefflc- : 
ient of thermal expansion; * \ : * 

The bellows 34 acts on one end :qf .a valve 
member 35a slidable in a ;valye^ body/356 
and a compression spring ,36 ;bears s on the 105 
. opposite end of the valve roember.?35a., The 
bellows 34 and spring 36 are : accommodated : 
in the body 35b in^chambers 37;/38«Tespec- f .:/ 
tively. ; : \x- /--.I- 

Each of the fuel delivery pipes 21, 22 has HQ 
portions upstream and downstream of the 
shut-off cock 35 and normally these portions 
are interconnected by annular recesses 40, 
41 in the valve member 35a. 

The valve body 35b also has connected 115 
to it drain pipes 42 which are normally 
covered by the lands of the valve member 
35a. 

The chamber 37 is connected by pipe 37a 
to one drain pipe 42 and the chamber 38 is 120 
connected to the other drain pipe 42 by a 
pipe 38a to nullify the pumping effect of 
movement of valve member 35a. 

In the event of failure of either the shaft 
16 or shaft 16a, the sleeve 29 is displaced 125 
rearwardly, and strikes and fractures the 
capsule 32 so tha t the pressure l iqui d es- 
capes from it and from the tube 33 and bel- 
lows 34. The bellows 34 therefore collapses 
and the valve member 35a is moved to the 130 
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right by the spring 36 until a flange 35c on 
the valve member35« abuts a shoulder 35d 
on the valve body 35b when the downstream 
portions of the fuel pipes 21, 22 are cut-off 
r> from their upstream portions and are placed 
in communication with drain pipes 42. The 
supply of fuel to the engine is* thus cui-off 
and over-speeding is avoided. 

in a modification (Figure 2), the spring 

10 36 is replaced by a bellows device 43 which 
is filled with a gas under pressure, the bel- 
lows 34, pipe 33 and capsule 32 also being 
tilled with the same gas under the same pres- 
sure. The chambers 37 and 38 are inter- 

15 connected by a duct 39 running through the 
valve member 35a. On fracture of the cap- 
sule 32, the bellows 43 acts in the same way 
as the spring 36, but with this arrangement, 
if the bellows 43 is filled with the same fluid 

20 as the capsule 32, tube 33 and bellows 34, 
a temperature compensating effect is ob- 
tained. -\ " i , v.; V: . . " ~ • ■ 

In. the. arrangement shown in Figure; 2 

; , rj a "further compensating pipe and capsule 

25. .could be connected -to the bellows device .43, 
.....the further capsule : being positioned adja- 
T cent capsule 32 but in a" position, where it 

.^y . would not be fractured on shaft failure. ^ . 

■/ T . - Instead of arranging the beilows 34 to act 

iU) . directly! on the valve member 35a as an 

,' \. "Figure 1, a bellows may be: arranged to re- 

*; ' * lease a catch holding the valve member 35a 

- :- "in its normal position. One such, arrange- 
ment,. is. shown in Figure 3, in which the 

3r> bellows 134 is arranged in a chamber 137 
with; its axis at right angles to 4 the' line of 

T \ movement of the valve •mcmbeiyisd.'''^th6 
.bellows 134 carries a nib 135 which "engages 
7. a recess 136 in the valve 'member 35a., Oh 

r^j ; .fracture, of the capsule 32 and collapse, of 
"'the bellows 134, the nib 135 is" withdrawn 
from ; the. recess 136 releasing the. valve 

J.\ member 35a for movement under the action 

/ Ji.0 spxmg 3'6 or bellows 43. This arrange- 
*|ment has the advantage that a quicker oper- 
; i* ation of the valve member 35a is obtained, 
*' since the valveTmember 35a is fully released 
from the action of the bellows 134 after a 
reduction in its length which is small as 

'50 compared with the reduction in length of 
bellows 34 required for full operation of 
the valve member 35a and thus full opera- 
tion of the valve member 35a and thus full 
operation of the valve member may be ob- 

~>5 tained before all the pressure fluid has es- 
caped from the bellows. 

The invention is also applicable in gas- 
turbine engines having a fuel system com- 
prising a fuel pump whereof the rate of fuel 

M delivery is controlled by means of a servo- 
mechanism. In one well-known form, the 
pump is a multi-plunger pump and the 
servo-mechanism comprises a pjston con- 
nected with a swash plate device for vary- 

<>o ing the stroke of. pump plungers, -the piston 



working in a cylinder one end space of 
which Is directly connected with the pump 
delivery and the other end space of which 
is connected with the pump delivery through 
a restrictor and has a bleed outlet. In such TO 
an arrangement the position of the piston in 
the cylinder of the servo-mechanism, and 
thus the delivery of the pump, is controlled 
by varying the rate of flow of servo fluid 
through the bleed outlet. 75 

In applying the present invention to such 
a fuel system an auxiliary bleed outlet may 
be provided from the second end space of 
the cylinder of the servo-mechanism, which 
auxiliary outlet is controlled by a valve 80 
member normally held closed by a pressure- 
responsive device, such as the bellows 34 or 
a flexible diaphragm, which is loaded in the 
sense of closure by pressure fluid contained 
in the capsule 32. On fracture of the cap-. 85 
sule, the fluid pressure load on the pressure- 
responsive device decreases and^ the. valve 
controlling the auxiliary bleed: ^outlet" from . > 
the servo-m^hanism. opens rapidly irLcreas-, 
ing the bleed- flow^frorn : the .second: end of . 90, 
the cylinder of the.' servo- mechanism and; 
causing, movement /of .the servo pistons in ; : 
a direction to reduce : the pump- delivery, f 
- Whilst the' invention? has beenv described. -j 
above in connection .with:? a compound type > 95 
en gin e of the propellef^dri ving ) -kind; it; .will : 
be . u ndef sto od th at the m ven tion .h as useful " 
application in connection with any: form 'of 
gas-turbine engine' in, .which, a. turbine is con- 
nected to "/drive a load., through a- shaft which .100 
is liable: to. A 

- WHAT WE^ C^AIM IS : 4-. • J'" x 

kind: re- ^ 1 

" f erred ] to','. Wherein; there is provided.; means -C 
connected with /the brotbr assembly; of .the 105 

, engine >djaeeiit. the" ends- of.the^driVirig shaft 
so as to rotate therewith^ said Tnearis-includ- 
ing i> ipalt^^ichris . caused^ to. be displaced 
axially by the relative rotation of the ends 7 of 
"the driving shaft, on failure thereof, a pres- 110 
sure-fluidrconthining member which is frac- 
tured on such axial displacement and pres- 
sure-responsive means operated by fall of 
pressure within the pressure-fluid containing 
member and operative to cut-off or" reduce llo 
the fuel supply to the engine. 

2. A gas-turbine engine according to 
Claim 1, wherein the pressure-fluid contain^ 
ing means is a capsule or the like which is 
struck and fractured by the axi ally-displace- 120 
able part on occurrence of such axial dis- 
placement 

3. A gas-turbine engine according to 
Claim 1 or Claim 2, wherein the said means 
connected with the rotor assembly comprises 125 
a rod or spindle which extends through the 
driving shaft and has a driving, e.g. spline, 
connection with the rotor assembly at one 
end and has at the other end of the rotor 
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assembly a spiined connection with a sLeeve 
which in turn has a threaded connection with 
the rotor assembly, so that on failure of the 
driving shaft the sleeve is rotated relative to 
5 the portion of the rotor assembly with which 
it has the threaded connection and is dis- 
placed axialiy of the rotor assembly. 

4. A gas-turbine engine according to 
Claim 1, Claim 2 or Claim 3 wherein the 

10 pressure -responsive means is a bellows de- 
vice connected with the pressure-fluid-con- 
taining member so as normally to be sub- 
jecte d to the same pressure as exists in the 
pressure-fluid-containing member, and £on- 

lo nected also to a shut-off cock in the fuel 
system so that on fracture of the prcssurc- 
fluid-ebntaining member the bellows changes 
in length and causes the shut-off cock to 

: • close; ■ ... . • 

20 . 5; . A,.. gair turbine engine according to 
.Claim. 4,- wherein; the bellows, operates di- 

iv erectly on the shut-off cock, the .shut-off cock 

; - including a^jnovable valve element which, is., 
displaced :;in. ^accordance, with, change of. 
.25 /. length of the^bellows. — ; 
g:; ] 1 « : 6. : ; A * \ gas-: turbine"; engine . according ! tp , 
-"s..":.r:Claim 5,t comprising : a spring .loading the 

v ;;Lmpvable; valve :element in the sense of move- 
W.h ment occurrine-ion change of length of the 
30, bellows. - ■ - : " 

y 7, A. ^as- turbine engine^ according to 
Claim 4, wherein ::the bellows, by its change 
1 of : length operates a catch to release the . 
; .:shut^off cock for closure uhder the influence 
35r of a spring. : ^ 

; \> r A gas-turbine engineV according to 
: ^ Claim 6 or Claim. 7;- having a? further bel- 
r;./4 ows . device m place of the; spring, the fur- ; 

ther bellows^being! subjected to a gas under: 
40 . • pressurersucfr that, on change of length of 
cx - > the'beUows connected to the capsule or like 
member, ; the .further bellows also changes 
in -length and operates the valve, the fluid 
in: the capsule and like member and its as- 
45 sociated ^bellows also being said gas, 

9. : A gas- turbine engine according to 



Claim 8, wherein the further bellows has 
connected with it a capsule which is posi- 
tioned adjacent to the fracturable capsule 
or like member but out of the path of the 50 
axially displaccable part. 

10. A gas-turbine engine according to 
any of Claims 6 to 9 wherein the shut-off 
cock has a movable piston valve element 
slidable in a valve body, the spring or the 55 
further bellows being in a chamber at one 
end of the body and" the bellows associated 
with the fracturable capsule or the like being 

in a chamber at the other end of. the body, 
the chambers being interconnected and also (50 
having outlets to drain. 

11. " A gas-turbine engine according to 
any of Claims 1 to\3, wherein the pressure 
responsive means operates a, valve control-*, 
ling the operation -of a servo-mechanism for (»i> 
actuating. a fuel pump.:deliyering ;fuel to : the : - : 
engine, such that on; fracture; of the pressure- ■ 
fluid-containing -member, the piump delivery i..: . ; 4 

. rs rapidly .reduced^. /v*, r ■■■ - . 

12. A :gas-tufbine engine -pf . the kind re-/ : i7Q 
ferred to .when * comprising: >a^shaf ^failure . ; 
control substantially, as therein before des-;. . ; :■ 
cribed : with reference to* and: as ^illustrated: -i . 5 
in . Figure . 1. of: the drawings;/ .v^ k?a e-n . p - . t 
./ 13.- ;A ;gas*turbine engine ^according to»\75: 
Claim: 12 modi fied^- substantially, as herein- ' 
before described * with reference : to and ; as y £ : 
illustrated in Figiire.:2 of the -drawings. " : / b~ 
" "14;- .? A : gas- turbine ; engine according rito. • 
Claim vl2; or Claim 13 modified substantially ^ . ,80 
as hereuibef ore ^described with reference^ to 
and^as-illustrated: 'in Figure 3 of; the draw? y. -:f 
ings. ,,.v^:,.- 'p: ' ':; : . 7 -J- 

BOUL^ WADE & TEKNANT, 

-ij '^\v !H^fll-2^JEIattonEjGrfizdfisi. a 
. ' re v -London. .EiC.1,?. ;: 

■ ; /.: .[Chartered iPatent' Agents^ 

Reference has been .directed in pursuance 
of Section 9, subsection r(l) of the Patents 
Act, 1949, to Patent No. 843,479. 



PROVISIONAL SPECIFICATION. 
Improvements in or relating to Gas-Turbine Engines. 



We, Rolls-Royce Limited, a British 
So Company, of Nightingale Road, Derby, in 
the County of Derby, do hereby declare this 
invention to be described in the following 
statement: — 

This invention comprises improvements in 
90 or relating to gas-turbine engines of the kind 
which comprises a turbine rotor and a co- 
axial driven member, such as a compressor 
rotor, or the reduction gear, of a propeller 
or both, which are interconnected by a driv- 

05 ing shaft ~ 

The invention is more particularly, though 



not exclusively, applicable to propeller- 
driving engines or to "two-shaft** engines 
i.e. engines having a low-pressure compres- 
sor and a high-pressure compressor in series 100 
flow supplying air to combustion equipment, 
the combustion products from which are 
passed to a high-pressure turbine and a low- 
pressure turbine in flow series, the low- 
pressure turbine driving the low-pressure 105 
compressor through a first shaft and the 
high-pressure turbine d ri ving the high-pres- 
sure compressor through a second shaft. 
It will be appreciated that, in the event 
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of failure of the shaft driving the propellor 
or, in the case of a two-shaft engine, the 
shaft driving one of the compressors^ the tur- 
bine will accelerate rapidly due to the re- 
moval of the load it is driving and that, un- 
less such acceleration is prevented, over- 
speeding and serious damage, such as burst- 
ing of the turbine rotor, may occur. 

This invention has for an object to pro- 
vide control means which responds rapidly 
to shaft failure to prevent such over-speeding. 

According to the present invention, in \ 
gas-turbine engine of the kind referred to, 
there is provided means connected with the 
rotor assembly of the engine adjacent the 
ends of the driving shaft so as to rotate 
therewith, said means including a part which 
due to the relative rotation of the ends of 
the driving shaft on failure thereof is caused 
to be displaced- axially, a press ure- flu id- 
con tain ihg^ member; such as a capsule, which 
is fractured^'Oh^ such axial displacement and 
pressure-responsiv^ means operated /by fall 
- pLpressure : : within 4he- me inber 'and;' operative 
-to - cut-off: .or reduce the fuel supply - to the 
>engine. r - s. f^rsr.** - «■■•" rJ ' : ,; ' ' 

:l- According to*- a -feature; of , this invention, 
ythe^'jneans 'may" comprise a rod or \spindle 
s which- ex tends 'though- the' driving shaft and 
?has^ a- drivings ;e;g: splined, connection with 
rthe' VO tor 4 assembly^ at" One end' and has at 
the other^ertd of the rotor assembly a splined . 
-connection- with' 'a ! sleeve whichr in turn has 
a threaded connection -with the rotor assem- 
bly, sb that on failure; of the driving shaft 
vthe.;sleeve isvrdtated relative to the portion 
of the rotor assembly with which it has the 
• threaded connection ' drift -is displaced jaxially 
of the -rotor assembly^ The pressure-fluid- 
cpntaining capsule or like member^ is pre- : 
r ferably supported" hi stationary structure in 
-'axial alignment sleeve so that on 

i such. axial displacement the capsule or like 
niember is" fractured to permit the pressure 
fluid to' escape. 

In one arrangement of this invention the 
pressure-responsive means is a bellows de- 
vice connected with the capsule or like mem- 
ber so as normally to be subjected to the 
same pressure as exists in the capsule or 
like member, and connected also to a shut- 
off cock in the fuel system so that on frac- 
ture of the capsule or like member the 
bellows changes in length and causes the 
shut-off cock to close. The bellows may 
either operate direcdy on the shut-off cock 
or may operate a catch for releasing the shut- 
off cock for closure under the influence of 
a spring. The latter arrangement has the 
advantage that the catch can be released by 
a smaller change in length of the bellows 
than would normally be required for direct 
closing of the cock. 

In another arrangement of this invention, 
the pressure-responsive- means* such- as a 
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bellows or flexible diaphragm, actuates a 
bleed valve for controlling the servo-pressure 
operating in a servo-mechanism which con- 
trols a fuel pump in the engine fuel system, 
so that when the capsule or like member is 
fractured the bleed valve is operated in a 
manner to cause rapid reduction of the fuel 
delivery of the pump. 

The invention is illustrated in the accom- 
panying drawings in which: — 

Figure 1 shows a gas-turbine engine pro- 
vided with a failure control of this invention; 

Figure 2 shows a modification of Figure 
1; and 

Figure 3 shows another modification. 

The engine shown in Figure 1 is a com- 
pound gas-turbine engine, but it will be 
understood that the invention may be em- 
ployed with any form of gas turbine. 

The engine comprises a" low-pressure com- 
pressor 10, a high^pressure compressor 11, 
combustion equipment 0 1 2;^a i i"hifeh^ressure Y 
turbine 1 3 . and; a? lo w-pres s ure 'turbine- 14 in : / 
flow series. V '-The'rbttir 11ii ; r 6f 7 the ^hlgh- ' ^ : 
pressure- compressor- ! is driven < through a 90. 
h olio w sh af t 1 5 by -the high -pressure turbine 
rotor 1 3a, v and the lbw : pre^ : f ? 

14a J d-riyes' *low : )^&ssure* cdmpi^bPltotor V' 
1 0d : through/ 'a sh&tC 1§ V whicH is holiow -and : r - \ 
extends 4 coaxiaily withitf'llie^Ha.fr 1-5.^ The 
, low-pressure *turbihe/l 6* j also drives r a- - high- 
speed pinion/. 17 of a ,v feduction gear for ran 
airscrew driven fcy-te^ 

gas from the 'turbine 44 flo ws in to ari* exhaust 
unit 3i; - v - V. ■?? - 

The combustion eq*mpinent^l2"is ;fed with : f v V 
fuel to W'burntfwith -air -compressed 'in the h- v -. 
compressor silO, M> - The fuel is ^avfe : fWm.^^ • ' 
a tank;. 18 b^?a puinp 19 and is delivered by « 
the pump tpjh' supply control device 20 from' 105 
which the fuel ^ lines 21 , ■■ 

22 torfuel manifolds 23; 24 -feeding the fuel 
injectors 25.' ^^v^r>-^ --iC;. : >. sy: ■. I: 

In order -to- pre vfeht "Undesirable - over- 
speedmfig ? df-me'low-jiressufe"t^ rotor 110 
14a in the' event that shaft 1$ fails in opera- 
tion, there : is provided means; whereby the 
fuel supply to the injectors 25 is cut-off on 
failure of the shaft. 

The illustrated means for this purpose 115 
comprises a rod or spindle 26 which extends 
coaxially through the low-pressure rotor 
assembly 10a, 16, 14a, has at the compressor 
end of the assembly a splined connection 27 
with the assembly and has at the turbine end 120 
of the assembly a splined connection 28 with 
a sleeve 29 which is formed externally with 
a quick-thread 30 engaging a threaded bore 
in the turbine rotor 14a In the event of 
failure of the shaft 16, the turbine rotor 125 
14a will tend to over-run the compressor 
rotor 10a and also the sleeve 29, due to the 
driving connection which is maintained 
through splines 28, rod 26 and splines 27 
between the sleeve 29 and the compressor 130 
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rotor 1 Oa. Thus due to the quick thread 30 
the sleeve 29 will be moved axially and the 
hand of the thread 30 is selected so that the 
sleeve is moved rearwards towards the ex- 
5 haust unit 31 of the engine. 

A capsule 32 is mounted within the ex- 
haust unit 31 in axial alignment with the 
sleeve 29 and the capsule 32 is connected by 
a tube 33 to the interior of a bellows device 
10 34 which forms part of a shut-ofT cock 35 
connected in the fuel delivery pipes 21, 22. 
The capsule 32, tube 33 and bellows 34 are 
filled with liquid under pressure, the liquid 
preferably being of low coefficient of thermal 
Jo expansion. 
" . ■ - ' • . The bellows 34 acts on one end of a valve 
member 35a slidable in a valve body 356 
arid a compression spring 36 bears on the 
- v . opposite end -of the valve member . 35a. The 
n.' zr'ilty- :bellow5 ; 34.and spring 36. are accommodated 
; ;v^.Vv//^>in^tHjB : 4^y»35^i in chambers 37, 38 respec- 
Cyw-..v«r-*.; tiv^ly^andsthe chambers" are interconnected . 
-r * ;• by.v.a duct 39 cunning : through the valve • 
• cvs^'a '^member 35a: * / *-. k * 

*i;.»v-25 Ea^h^pfrthe fuel delivery pipes 21, 22 has 
'■y^ >:>v.poVciori^iujpstream and downstream of the 
*'>V* ; V S''^ Vshut-off <e&l£>35- : and normally these portions 
: : rrrV are- intercdimectad by annular, recesses 40,% 
-y : 7>r. : c -> ; 41 viir; thfeHyalye-ineml»rl35flf;;'.* ; 
'<l* -30V>- ;The valve 'body 35b also has connected;- 
/ '''' t- •?* "to; it- ' drain- .pipes 42. which are normally : * 

-covered by the lands of .the valve member 
" > -35a; V. r • ' r 5 ' 

. * J j The" chamber 37 is- connected by pipe 37a/ 
: -'3-7i to the drain pipe .42 : arid !the. chamber 38 is 
' Y ^connecte4'to^he:. drain y -pipe : 42 by a pipe 38a . 
f r to> nullify : the pumping-effect of movement. 
A : of; valve; member 35a ; : * :. : ; ; . 

*: ; In the'event of failure.of the shaft 16, the 
/ 40 V -sleeve? 29' is displaced rearwardly to hit and 
1 - - ^toeturevthe capsule 32 so that the pressure* 
liquid escapes from it and from the tube 33 
'V^r ahd ^bellows 34. The bellows 34 therefore 
y*vr* ; ' l ?; ^collapses and the valve member 35a is 

: 45 - moved to the right by the spring 36 until a 
'flange 35c on the valve member 35a abuts 
a Shoulder 35a* on the valve body 356 when 
the downstream portions of the fuel pipes 
2U 22 arc cut-off from their upstream por- 
50 tions and are placed in communication with 
drain pipes 42. The supply of fuel to the 
engine is thus cut-off and overspeeding is 
avoided. 

In a modification (Figure 2), the spring 36 
55 is replaced by a bellows device 43 which is 
filled with a gas under pressure, the bellows 
34, pipe 33 and capsule 32 also being filled 
with tie same gas under the same pressure. 
On fracture of the capsule 32, the bellows 43 
60 acts in the same way as the spring 36, but 
with this arrangement, if the bellows 43 is 
filled with the same fluid as the capsule 32, 
-tube-33-and-bellows-34,-a-temperature-com- 
pen sating effect is obtained. 
Co In the arrangement shown in Figure 2 a 



further compensating pipe and capsule could 
be connected to the bellows device 43, the 
further capsule being .positioned adjacent 
capsule 32 but in a position where it would 
not be fractured on shaft failure. 

Instead of arranging the bellows 34 to act 
directly on the valve member 35a as in 
Figure I, a bellows may be arranged to re- 
lease a catch holding the valve member 35a 
in its normal position. One such arrange- 
ment, is .shown in . Figure 3, in which the 
bellows 134 is arranged in a chamber 137 
with its axis at right angles to the line of 
movement of the valve member 35a. The 
bellows 134 carries a nib 135 which engages 
a recess 136 in the valve member 35a. On 
fracture of the capsule 32 and collapse of 
the bellows 134, the . nib 135 is withdrawn 
from the. recess 136- releasing the valve mem- 
ber 35a ;for : moyejment: under; the action ^of 
i spring 36 br-.tenons^43j.^TKis arrangement 
:has the* advantage : that ^quicker operation 
of the- valve :raernben 35oNs -obtained; since 
the valve* memberX35a -js^iully- released from 
^e/^tidtf/Qf^Oie beUb_ws;&3& after a reduc- 
tibnririi its length which i^smalLas* compared*- 

^V-witK/ihe^f^u'ction-./inr length "of ^bellows ; 34 

i required! \fbr full -ioperationivof" ther valve, 
member 35a and thus full -operation* 5 of the : 
valve; member! may -be ^obtained; before; all 
the v pressure fliiid ihas'Vescaped frornvthe* 
bellows:?. • > - AC' : w*. I ■•• - K. 

The invention s is: also applicable in . gas- 

< turbine ' engines -having -a. fuel system-, com-., 
prising a ; fuel"pump~ whereof the, rate 6f<fueL 

. .delivery is controlled; byrmeans* of a servos 
mechanism. ... In iione^wellrknown - form, - the-, 

. p.unip is a multi-plunger* pump: and the,serv6- 
mechanism; . comprises .a- piston connected? 

I with* aV swash^ plate>device for varying jthe -, 
stroke of pump -plungers, the, piston working 

. in. aVcyJmder; -one.-, end "space of which is 
directly connected: wdthi the pump delivery 
and the other end v space of which is con- 
nected with the*pump delivery through a re- 

, strictor and has -a. bleed outlet. In such an 
arrangement the position of the piston in the 
cylinder of the servo-mechanism, and thus 
the delivery of the pump, is controlled by 
^arying the rate of flow of servo fluid through 
the bleed outlet. 

In applying the present invention to such 
a fuel system an auxiliary bleed oudet may 
be provided from the second end space of 
the cylinder of the servo-mechanism, which 
auxiliary outlet is controlled by a valve mem- 
ber normally held closed by a pressure- 
responsive device, such as the bellows 34 or 
a flexible diaphragm, which is loaded in the 
sense of closure by pressure fluid contained 
in the capsule 32. On fracture of the cap- 
sule, the fluid pressure load on the pressure- 
responsive-device decreases-and-the valve 
controlling the auxiliary bleed outlet from 
the servo-mechanism opens rapidly increas- 



70 



80 



85 



90 



95 



100 



105 



110 



115 



120 



125 



130 



BNSDOCID: <G8 903945A...I > 



903,945 



7 



ing the bleed flow from the second end of 
the cylinder of the servo-mechanism and 
causing movement of the servo piston in a 
direction to reduce the pump delivery. 
5 Whilst the invention has been described 
above in connection with a compound type 
engine of the propeller-driving kind, it will 
be understood that the invention has useful 
application in connection with any form of 



gas-turbine engine in which a turbine rotor 
is connected to drive a load through a shaft 
which is liable to fracture in operation. 

BOULT, WADE & TENNANT, 
111 & 112 Hatton Garden, 

London, E.C1, 
Chartered Patent Agents. 
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